The study was conducted in the laboratory with the aim to isolate, identify and assess the degradation potential of hydrocarbon utilizing bacteria in four Ghanaian soils sampled from different ecological zones. The bacteria were isolated using agar medium supplemented with diesel oil as the carbon source and isolates were then identified by comparing their biochemical and morphological characteristics with standards in Bergey's Manual of Determinative Bacteriology. To assess the degradation potential of the isolates, they were inoculated onto a sterilized filter paper contaminated with diesel oil for 72 hr and followed by seed germination test. Results showed that six hydrocarbon utilizing bacterial genera, Bacillus, Staphylococcus, Enterobacter, Yersinia, Proteus, and Alcaligenes were present in the soils used. The dominant genus associated with all the soils used in the study was Bacillus. Results also showed that percentage seed germination improved for all the test crops when inoculated with the bacterial isolates. The most effective genus involved in the improvement of seed germination was Bacillus. The study clearly indicated that Ghanaian soils contain diverse bacterial genera capable of degrading and utilizing diesel oil as carbon source.
INTRODUCTION
The demand for petroleum as a source of energy and as a primary raw material for chemical industries in recent years has resulted in an increase in world production (Gutnick and Rosenberg, 1977) . This dramatic increase in production, refining and distribution of crude oil has brought with it an ever increasing problem (Atlas and Barther, 1992 ) and a globally environmental pollutant (Plohl et al., 2002) . Diesel oil, which is one of the major products of crude oil, constitutes a major source of pollution in our environment. With the combined dependence on diesel oil by some vehicles and generators, greater quantities are being transported over long distances.
The diesel oil is carcinogenic, mutagenic and it is a potent immunotoxicants posing a serious threat to human and animal health (Boonchan et al., 2000; Samanta et al., 2002) . Diesel oil spills on agricultural land generally reduce plant growth. Suggested reasons for the reduced plant growth in diesel oil contaminated soils range from direct toxic effect on plants (Baker, 1982) and reduced germination (Udo and Fayemi, 1975) to unsatisfactory soil condition due to insufficient aeration of the soil because of the displacement of air from the space between the soil particles. The disposal methods of incineration or burial in secure landfills (USEPA, 2001; ITOPF, 2006) of petroleum products can become prohibitively expensive when the amounts of contaminants are large. This often results in cleanup delays while the contaminated soil continues to pollute groundwater resources if on land, and death of aquatic life if on waterways (Pye and Patrick, 1983) , thus necessitating speedy removal of the contaminants. Oil spills, especially in soil contamination have prompted research on costeffective, environmentally benign cleanup strategies (Margesin and Schinner, 2001 ). Biodegradation of hydrocarbon-contaminated soils, which exploits the ability of microorganisms to degrade and/or detoxify organic contaminants, has been established as an efficient, economic, versatile and environmentally sound treatment (Mehrashi et al., 2003) .
In 2007 crude oil was discovered in Ghana at Cape Three Point in the Western Region. In the closing days of 2010 when the country joined the league of oil producing countries and when the Jubilee Oil Field officially came on stream with the pumping of oil in commercial quantities, the country experienced oil spillage. On December 26, 2009, the country experienced its first spillage of about 584 barrels of low-based mud drilling fluid and the second mud spill of seven barrels occurred on March 23, 2010 (Ghanaian Daily Graphic, 2010 . This frequency of spillage in the drilling field of Cape Three Point is of great concern. In a previous work, Lawson et al. (2012) reported that four Ghanaian soils sampled from different ecological zones showed signs of containing hydrocarbon utilizing microbes and had the potential to degrade diesel oil. It is therefore necessary to identify these hydrocarbon utilizing microbes, especially bacteria, in Ghanaian soils for future bioremediation. Hence, the study was conducted (i) to isolate and identify hydrocarbon utilizing bacteria in four Ghanaian soils, and (ii) to assess the diesel oil degrading potential of these bacteria.
MATERIALS AND METHODS

Isolation and identification of hydrocarbon utilizing bacteria:
The soils used in this study were Toje series (Ferric Lixisol), Bekwai series ( Ferric Acrisol), Kokofu series ( Eutric Nitosol), and Nyankpala series (Plinthic Acrisol). The Bekwai and Kokofu series were sampled from the semideciduous forest zone, Nyankpala series from the Guinea savanna zone and Toje series from the Coastal savanna zone of Ghana. These soils had no known history of diesel oil or crude oil product(s) contamination. The soils were contaminated with diesel oil at 10 g oil /kg soil (air dry basis) and were maintained under same moisture content (10%; wt:wt basis). The contaminated soils were replicated three times and incubated in the laboratory under room temperature for ten days and soil samples were taken.
Ten (10) g of soil was sampled, tenfold serial dilution prepared; 1 mL of appropriate dilution was plated onto modified mineral salts agar medium of Mills et al. (1978) and modified vapour phase transfer technique of Okpokwasili and Amanchkwu (1988) . The modified mineral salts medium contained 10 g NaCl, 0.42 g MgSO 4 .7H 2 O, 0.29 g KCl, 0.53 g KH 2 PO 4 , 0.42 g NH 4 NO 4 , and 15 g agar in 1L distilled water (adjusted pH= 6.8). The modified vapour transfer technique involves spreading 0.5 mL of diesel (serving as carbon source) onto the mineral salts agar medium after setting and allowed the diesel oil to diffuse into the agar medium for 1 hr before incubated at room temperature for 5 to 7 days. The colonies formed, considered hydrocarbon or diesel oil utilizing bacteria, were isolated and pure isolates were identified on the basis of their morphological and biochemical characteristics using the Bergey's Manual of Determinative Bacteriology.
Diesel oil utilizing potential of bacterial isolates:
To assess the diesel oil degrading potential of the bacteria isolated, petri dishes containing sterilized filter papers were contaminated with diesel oil at 0, 1, 2, 4, 6, 8, and 10% and allowed seeds to germinate. The petri dish treated with 0% (ie. treated with only sterilized distilled water) served as the control. The test seeds, groundnut (Arachis hypogaea), cowpea (Vigna unguiculata), maize (Zea mays), and rice (Oryza sativa) were sterilized with 70% ethanol and 20 seeds were placed in each contaminated petri dish. The treatments were replicated three times, arranged in a complete randomized design in the laboratory and incubated at room temperature in a dark room for 3 days. The inhibitory concentration at 50% seed germination (IC 50 ) was determined for each test crop from the curves of percentage germination against various levels of diesel oil concentration. One (1) mL broth (approx. 1.5x10 5 cfu) of bacterial isolates was used to inoculate petri dishes containing sterilized filter papers contaminated with diesel oil at IC 50 , replicated three times, incubated for 72 hr and followed by seed germination test.
RESULTS AND DISCUSSION
The morphological and biochemical characteristics of bacteria isolated from the soils are shown in Table 1 . A total of six bacterial genera were identified in the four soils used. These genera were Bacillus, Staphylococcus, Enterobacter, Yersinia, Proteus, and Alcaligenes. Two genera were isolated from Bekwai series and three genera from Nyankpala and Toje series. The Kokofu series indicated a more diverse bacterial population with five genera. Staphylococcus was associated with Bekwai and Nyankpala series; Enterobacter and Alcaligenes were associated with only Kokofu series. The genus Yersinia was associated with Kokofu, Nyankpala and Toje series. Analyses also indicated that the genus Proteus was found in Kokofu and Toje series. The dominant bacterial genus was Bacillus. The savanna soils (Toje and Nyankpala) had two genera, Bacillus and Yersinia, in common; however, the semi-deciduous forest soils (Bekwai and Kokofu) had only Bacillus in common.
Several reports of bioremediation of petroleum contaminants by the action of Bacillus spp in extreme environments have been recorded. Ijah and Antai (1988) reported Bacillus spp as being the dominant bacteria of all the petroleum oil utilizing bacteria characterized from highly polluted soil samples. This is consistent with the present study since Bacillus was the most dominant bacterial isolate. There is growing evidence that isolates belonging to the Bacillus spp could be effective in cleaning oil spills (Ghazali et al., 2004) . Yersinia spp were also identified as bacteria involved in petroleum hydrocarbon degradation. In the work of Van-Hamme and Odumeru (2002) , Yersinia spp was found to be among the dominant isolates growing on petroleum hydrocarbons in batch culture. Bacteria belonging to the Alcaligenes and Enterobacter genera are also widely reported to be implicated in petroleum hydrocarbon utilization. According to Chikere et al. (2009) , bacteria of the genera Alcaligenes and Enterobacter had been isolated from petroleum oil contaminated soils. The presence of Staphylococcus spp in the present study also agrees with Adriano et al. (2007) who isolated Staphylococcus hominis from petroleum oil contaminated soils and Gomes et al. (2004) also isolated Staphylococcus aureus from a diesel contaminated soil.
The influence of diesel oil contamination on percentage germination of maize, rice, cowpea and groundnut in petri dish is shown in Table 2 . The four test crops used in the germination test responded to diesel oil contamination. The pattern of responses in all the test crops to diesel contamination indicated that there was reduction in percentage germination with increased concentration of diesel oil. The control treatment (without contamination; 0%) and 10% oil registered the highest and lowest percentage germination, respectively. In all the test crops, there was significant (p < 0.05) difference between the control and 1% level of contamination. Except for cowpea, there was no significant (p > 0.05) difference between 1% and 2% oil levels of contamination. Groundnut and maize did not show any significant (p > 0.005) difference between 2 and 4% oil levels of contamination. Maize and groundnut recorded significant (p < 0.05) differences at 4% and 6% levels of contamination, whiles rice and cowpea did not. Maize and cowpea did not show any significant (p > 0.05) difference in germination between 4 and 10 % oil levels of contamination even though there was decrease in percentage germination with increasing oil contamination. Groundnut and rice did not show significant (p > 0.05) difference between 6 and 10% oil levels of contamination.
A similar effect of petroleum on germination was reported by Adam and Duncan (2002) and Njoku et al. (2009) . They reported reduction in germination rate in several plant species caused by petroleum contamination. The decrease in germination as diesel concentration increased might not just be due to the contaminant concentration but also to the hydrocarbon type, plant species and reduction in oxygen transfer between the seed and the surrounding environment (Salanitro et al., 2004) . The negative effect of diesel oil on germination with increased diesel oil concentration might also be due to their hydrophobic properties as reported by Adam and Duncan (2002) and Ogboghodo et al. (2004) . Hydrocarbons may coat the seed, preventing or reducing gas and water exchange; they may also enter the seeds and alter the metabolic reactions and/or kill the embryo by direct toxicity (Adam and Duncan, 2002; Labud et al., 2007) .
The inhibitory effect of diesel oil on germination in each test expressed as IC 50 using polynomial model indicated that the legumes (cowpea and groundnut) were more sensitive to diesel oil contamination than the cereals (rice and maize) with rice being the most tolerant plant species among the test crops. The relatively high percentage germination in cereals could be due to the plastic-like testa (Muller et al., 2006) of the cereals which reduced the amount of diesel oil imbibed. The effect of inoculating the bacterial isolates on germination percentage at IC 50 is represented in Table 3 . The inoculation enhanced the germination percentage of all the test crops.
The isolates that performed better were BE1, KO4, NY1 and TO2. From Table 1 , these isolates were identified as Bacillus spp. Among these isolates, KO4 (isolated from Kokofu series) was generally considered to be the best isolate that enhanced germination. Besides, other isolates from the Kokofu series showed remarkable potential of degrading the diesel oil (Table 3) . 
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In conclusion, the authors identified six bacterial genera; Bacillus, Staphylococcus, Enterobacter, Yersinia, Proteus, and Alcaligenes in the soils used in the present investigation. From the study the isolates have shown remarkable potential of degrading diesel oil. The dominant and most effective bacteria, Bacillus spp. can be isolated and packaged for future remediation of Ghanaian soils.
